Abstract. The radiation dose from galactic cosmic rays during a manned mission to Mars is expected to be comparable to the allowable limit for space shuttle astronauts. Most of this dose would be due to galactic cosmic rays with energies
spectra of cosmic rays at solar minimum are important, since these spectra represent the "worst case" GCR radiation for which missions must be designed.
The current annual exposure limit to the blood forming organs (BFO) for astronauts in LEO is 0.5 Sv/year (dose equivalent)[National Council on Radiation Protection and Measurements, 1989 ]. This limit is 10 times the allowed annual limit for terrestrial radiation work-
ers. Exposure limits for interplanetary missions have
not yet been defined, however Wilson et al. [1997] find that for an interplanetary mission lasting a year or more, •0 30 gcm -2 of aluminum shielding (more than 10-cm thickness) would be required to bring the BFO dose equivalent from solar-minimum cosmic rays below the LEO exposure limit. This is ~6 times the shielding used for the Apollo missions, and if required, the extra mass could add significantly to the cost of a manned mission to Mars [Wilson et al., 1993] .
There are large uncertainties in the human biological response to highly charged, high-energy particles, such as those present in the cosmic rays, and also in the radiation transport through shielding materials [Wilson et al., 1997] . Aside from these problems, there remain sizeable uncertainties (•010-30%) in the absolute intensities of all cosmic ray species and in the variation of cosmic ray spectra as a function of solar modulation. Depending on the applicable radiation limits, these uncertain-ties in the radiation environment can potentially lead to significant uncertainties in shielding requirements, because shielding material is not very effective at attenuating the dose equivalent due to cosmic rays beyond the first few gcm -2 [Wilson et al., 1997] . Therefore accurate spectra of key cosmic ray elements are needed to improve the accuracy of models that attempt to assess the radiation hazard due to cosmic rays. In this paper we focus on cosmic ray heavy-element spectra measured by instruments on ACE during the 1997-1998 solar minimum, and on their implications for models of the radiation dose in interplanetary space.
Existing Models and Measurements of the GCR Environment
In order to calculate the radiation dose due to cosmic rays behind a given shield configuration and during a given time period, one must combine a model of the GCR radiation environment with a radiation transport code. accelerator calibrations and multiple, independent calculations of the geometry factors and detector efficiencies. We conservatively estimate the residual systematic uncertainty to be less than 10% for both instruments, and probably less than 5%. Together, CRIS and SIS cover the element and energy range most important for evaluating the radiation risk due to heavy cosmic rays. Element spectra from both Extrapolations and interpolations from this model should be reliable, since the local-interstellar spectra it generates are based on the underlying physics, and the comic-ray modulation parameters are selected to fit energy spectra measured over a wide range of solar activity. In addition, a comparison of the local-interstellar and I AU spectra produced by this leaky-box model with those currently used by the Badhwar & O'Neill and CREME96/Nymmik models should help to decide whether the discrepancies between these models and the ACE measurements are related to the input spectra, or to differences in representing the level of solar modulation.
Characterization of the GCR Environment Throughout a Complete Solar Cycle
The radiation risks for long-duration missions have generally been evaluated using a solar minimum GCR environment as input. However, if the radiation risk due to GCRs at solar minimum turns out to be too great, it may be necessary to consider planning long-duration missions for times in the solar cycle when cosmic ray intensities are lower. High-quality cosmic ray spectra obtained at regular intervals throughout a solar cycle would be very useful for such studies. The ACE spacecraft will be able to provide these spectra over the next few years, as we pass through the maximum in solar activity and the associated minimum in cosmic ray intensity. The reliability of predictions of the GCR radiation environment (and radiation dose estimates calculated from these predictions) could be further improved by making use of cosmic ray propagation models that incorporate knowledge of the astrophysical processes that determine cosmic ray composition and spectra. As an example, it is shown that a leaky box propagation rnod•l coupled with a solar modulation model produces cosmic ray spectra that fit the ACE measurements significantly better than the predictions of the Badhwar & O'Neill and CREME96/Nyrnrnik models. A detailed comparison of the local-interstellar spectra used to generate these predictions with the spectra produced by the leaky box model should lead to a better understanding of the discrepancies between the model predictions and the new ACE measurements.
The CRIS and SIS instruments on the ACE spacecraft are capable of measuring high-quality spectra of the key elements averaged over intervals of several months or less for the duration of the mission, which may well extend to the next solar minimum. Element spectra from both these instruments are available from the ACE Science Center web site. These data can significantly improve our ability to evaluate the GCR radiation environment at any given time in the solar cycle.
